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p e r c e n t ) . A t t h e 80 percent DOD t h e t h r e e c e l l s f a i l e d on t h e average a t c y c l e 741. F a i l u r e f o r t h i s t e s t was defined t o occur when t h e c e l l v o l t a g e degraded t o 1 V p r i o r t o completion o f t h e
35 min discharge. The DOD was reduced t o 60 percent. The c y c l e l i f e t e s t was continued. 
INTRODUCTION
A s p a r t o f an o v e r a l l e f f o r t t o advance t h e technology o f nickel-hydrogen ( N i / H z ) b a t t e r i e s f o r p o s s i b l e use i n an energy storage system, i n low e a r t h o r b i t (LEO), Yardney Manufacturing Technology (MANTECH) 50 A-hr space weight i n d i v i d u a l pressure vessel (IPV) nickel-hydrogen c e l l s were evaluated. This consisted o f i n v e s t i g a t i n g t h e e f f e c t o f storage and charge/discharge c y c l l n g on c e l l performance. The e f f e c t o f storage on c e l l performance i s important because nickel-hydrogen b a t t e r i e s c o u l d be subjected t o storage f o r extended p e r i o d s o f t i m e p r i o r t o launch. It has been r e p o r t e d t h a t some nickel-hydrogen b a t t e r i e s degrade i n c a p a c i t y on storage w h i l e others do not degrade on storage.1 important t o assess t h e i r s u i t a b i l i t y f o r s p e c i f i c f l i g h t programs. i s very l i m i t e d . and c y c l e l i f e t e s t on Yardney MANTECH 50 A-hr space w e i g h t I P V nickel-hydrogen c e l l s I s reported.
B a t t e r y c y c l e l i f e i s
The data base f o r MANTECH c e l l s I n t h i s comnunication t h e r e s u l t s o f storage EXPERIMENTAL Test F a c i l i t y nickel-hydrogen c e l l s i s i l l u s t r a t e d i n F i g . 1. The f a c i l i t y design i n c o r p o r a t e s two main features: s a f e t y and v e r s a t i l i t y . Since t h e nickel-hydrogen c e l l s a r e precharged w i t h hydrogen and a l s o generates hydrogen d u r i n g charge, s p e c i a l a t t e n t i o n was given t o personnel s a f e t y . The c e l l s were located The t e s t f a c i l i t y used t o c y c l e l i f e t e s t the on t o p o f t h e I n s t r u m e n t a t i o n cabinets. There were two c e l l s f o r each cabinet. Each c e l l was l o c a t e d w i t h i n a c y l i n d r i c a l shrapnel s h t e l d I n case o f t h e improbable event o f an e x p l o s i o n o r r u p t u r e o f t h e c e l l pressure vessel. During a t e s t , t h e c y l i n d r i c a l s h i e l d was purged w i t h n i t r ogen t o c r e a t e an i n e r t atmosphere. The n i t r o g e n gas. and hydrogen gas i f any, would be exhausted from t h e t e s t l a b o r a t o r y through a hood l o c a t e d above t h e c e l l s . I f t h e exhaust f a n would f a i l o r t h e n i t r o g e n purge would become I n t e r r u p t e d t h e t e s t would be a u t o m a t i c a l l y terminated. A t e s t can a l s o be terminated on a p r e s e t upper and/or lower l i m i t o f c e l l voltage, current, pressure, and temperature.
The f a c i l i t y ' s v e r s a t i l i t y a l l o w s f o r t e s t i n g over a wide range o f c y c l e regimes. A geosynchronous e a r t h o r b l t (GEO) c y c l e regtme can be r u n i n r e a l t i m e u s i n g a programnable t i m e r . Various accelerated GEO and low e a r t h o r b i t c y c l e regimes can be r u n using a Texas Instrument t i m e r . The c e l l discharge c u r r e n t 1 5 c o n t r o l l e d by an e l e ct r o n i c load, which can be v a r i e d from 0 t o 100 A. The charge c u r r e n t can a l s o be v a r i e d i n t h e same range. Test data i s p r i n t e d out l o c a l l y u s i n g a Fluke d a t a c o l l e c t o r . S t r i p c h a r t recorders a r e used t o record c e l l voltage, c u r r e n t , and pressure as a continuous f u n c t i o n o f charge and discharge time f o r selected c y c l e s . A maximum o f twelve c e l l s can be t e s t e d a t t h e same time.
TEST CELL DESCRIPTION
The t h r e e c e l l s were 50 A-hr c a p a c i t y space weight I P V nickel-hydrogen c e l l s . They were manuf a c t u r e d by Yardney E l e c t r
i c Corporation ( B a t t e r y D i v i s i o n ) according t o s p e c i f i c a t i o n s d i r e c t e d under t h e A i r Force (WPAB) manufacturing technology c o n t r a c t w i t h Yardney.2
The c e l l i s i l l u s t r a t e d i n F i g . 2. I t c o n s i s t s o f a stack o f n i c k e l e l e ctrodes, separators, hydrogen electrodes, and gas screens assembled i n a non back-to-back e l e c t r o d e c o n f i g u r a t i o n . I n t h i s c o n f i g u r a t i o n electrodes o f d i f f e r e n t types d i r e c t l y face each o t h e r . The stack i s packaged i n a c y l i n d r i c a l pressure vessel, w i t h hemispherical end caps. This i s made o f inconel 718 and l i n e d w i t h zirconium d i o x i d e which serves as a w a l l wick. The components a r e shaped i n a "pineapple" s l i c e p a t t e r n . The electrodes a r e connected e l e c t r l c a l l y i n p a r a l l e l . A dual separator, c o n s i s t i n g o f one l a y e r o f asbestos and one l a y e r o f z l r c a r , i s used. Hence, since a h i g h bubble pressure asbestos separator i s used, t h e oxygen generated a t t h e n i c k e l e l e c t r o d e on charge i s d i r e c t e d t o t h e hydrogen e l e c t r o d e on t h e n e x t u n i t c e l l , where i t combines chemically t o form water. The z i r c a r separators are extended beyond t h e e l e c t r o d e s t o c o n t a c t t h e w a l l wick. Hence e l e c t r o l y t e which leaves t h e stack d u r i n g c y c l i n g w i l l be wicked back I n t o t h e stack. The gas screens a r e polypropylene. 31 percent aqueous s o l u t l o n o f potassium hydroxide. The n i c k e l e l e c t r o d e c o n s i s t e d o f a n i c k e l s l u r r y The e l e c t r o l y t e I s a plaque containing a nickel screen substrate, which average at cycle 741. After failure the cells was electrochemically Impregnated by the aqueous were reconditioned which consisted of: (1) deep Siger/Puglisi process.3 discharge -cells were discharged at C/2 rate to charged with hydrogen to a pressure of 14.5 psia.
1.0 V then the discharge was continued at C/10 rate t o 0.1 V or less: and (21 a combination of
The cells were pre-
Measurements and Procedures
For this experiment the quantities measured for each cell at the end of charge and discharge. and their accuracies were: Current (20.3 percent), voltage (20.5 percent) pressure (tl percent), and temperature (tl OC limit of error). Additional measurements were charged and discharged amperehours (+0.5 percent) and charge to discharge ampere-hour ratio. Cell current, voltage pressure, and temperature were recorded continuously as a function of time, for selected cycles, on a strip chart recorder.
Cell charge and discharge currents were measured across a shunt, using an integrating digital voltmeter. Cell voltage was also measured using an integrating digital voltmeter. Cell pressure was measured using a strain gauge located on the cell dome. The temperature was measured using an iron-constantan thermocouple located on the center of the pressure vessel dome. The thermocouple was mounted using a heat sink compound t o insure good thermal contact. Charge and discharge capacity was measured using an ampere-hour meter. Charge to discharge ratio (ampere-hour into cell on charge to ampere-hours out on discharge) was calculated from the ampere-hour measurements.
For the storage test the cells were discharged at the C/10 rate (5 A) to about 0.1 V or less. Then the cell precharge hydrogen pressure was set by the manufacturer to 0 psig (14.5 psia). After unt going activation and acceptance test, the cells were once again discharged at the C/10 rate (5 A ) to 0.1 V or less. The terminals were shorted. The cells were shipped t o NASA Lewis where they were stored at room temperature in the shorted condition for 1 yr. After storage the acceptance test was repeated at NASA Lewis. The tests consisted of measuring the discharge amperehour capacity, and ampere-hour capacity retention.
The discharge capacity was measured after charging the cell at the C/10 rate (5 A) for 16 
